1. Introduction {#sec1}
===============

Cardiorespiratory fitness (CRF) declines with aging in the general population. A decrement in VO~2~max (mL/kg/min) of about 1.6% per year in both men and women has been described \[[@B1]\].

Similarly, among untrained individuals, a decline in peak VO~2~ of 5--10% per decade of life has been observed \[[@B2]\]. Low CRF is an important risk factor for the development of obesity, hypertension, and other cardiovascular risk factors as well as coronary heart disease, stroke, loss of independence, and premature mortality \[[@B1], [@B3]--[@B6]\], which all increase with advancing age.

Firefighting is known to be a dangerous occupation that is physically demanding. However, inadequate physical activity makes firefighters prone to increased obesity and the metabolic syndrome. Obese firefighters are more susceptible to gain further weight \[[@B7]\] and associated with decline in health status \[[@B7], [@B8]\]. We have shown previously that low physical activity and CRF are associated with unfavorable CVD risk profiles as well as higher prevalence of the metabolic syndrome (MetSyn) \[[@B9]--[@B11]\].

Many US firefighters receive medical- and physical-abilities testing at the beginning of their professional careers and no subsequent formal reassessment over a 20--30-year work span \[[@B12]\]. Nonetheless, older firefighters are expected to be able to perform the same essential job functions as young recruits. Studies of simulated firefighting tasks suggest that the minimum aerobic capacity as measured by oxygen consumption (VO~2~) necessary to safely perform firefighting duties ranges from 33.9 to 45 mL/kg/min (9.7--12.8 METS; 1 MET = 2.5 mL/kg/min) \[[@B13], [@B14]\]. Therefore, all firefighters should continue to require such relatively high aerobic capacities in order to safely perform their duties regardless of their age. Thus, this study focused on describing CRF across different age categories among professionally active career firefighters. Furthermore, we sought to determine effect modification by physical activity and BMI levels across different ages groups. We hypothesized that leaner and more active firefighters would be more likely to maintain higher aerobic capacities regardless of their age.

2. Methods {#sec2}
==========

2.1. Study Population {#sec2.1}
---------------------

Eligible male career firefighters, between 18 and 59 years of age were recruited from 10 fire departments in two Midwestern states. Inclusion criteria included having completed a maximal exercise test during the course of a fire department-sponsored medical examination, no work restrictions at examination, and completing the study questionnaire. Excluded subjects failed to meet one or more of the above criteria or had undergone the index exercise tests for the evaluation of symptoms, retirement pensions, disability, and/or exit examinations. The study was approved by the IRB of Harvard School of Public Health and local IRBs as appropriate, and all participants signed an informed consent.

2.2. Assessment of Cardiovascular Risk Factors {#sec2.2}
----------------------------------------------

Height was measured in the standing position with a clinic stadiometer. Body weight was measured with bare feet and in light clothes on a calibrated scale. Body mass index (BMI) was calculated as the weight in kilograms divided by the square of height in meters. BMI values were also categorized according to the World Health Organization (WHO) classification.

2.3. Cardiorespiratory Fitness {#sec2.3}
------------------------------

CRF was determined from symptom-limited maximal treadmill exercise testing with ECG monitoring following the Bruce protocol. The participants were encouraged to continue exercise until volitional exhaustion, even after exceeding 85% of their maximum predicted heart rate defined as 220 minus age. Accordingly, the cohort achieved an average of 97.9% (SD 6.6) of maximal age-predicted heart rate on these tests. During the exercise test, total treadmill time was recorded in minutes and seconds, and then seconds were converted to fractional minutes by dividing by 60 (e.g., 8 minutes 30 seconds = 8.50 minutes). CRF was then estimated according to a widely used formula for VO~2~max estimation and the Bruce protocol: $$\begin{aligned}
{\text{VO}_{2}\max{\,\,}\left( \text{mL}/\text{kg}/\min \right)} & {= 14.76 - \left( {1.379 \times T} \right)} \\
 & {\quad + \left( {0.451 \times T^{2}} \right) - \left( {0.012 \times T^{3}} \right),} \\
\end{aligned}$$ For details on the equation see \[[@B15]\], "*T*" represents "total exercise tolerance test time" (measured in minutes). Finally, CRF estimates in maximal METS were derived by dividing the VO~2~max estimates by 3.5 as per the standard conversion factor.

2.4. Assessment of Physical Activity (PA) {#sec2.4}
-----------------------------------------

Self-reports of PA were extracted from responses to a health and lifestyle questionnaire as previously described from our group \[[@B11]\]. Briefly, consented study participants were given standardized written instructions for completing the multiple-choice survey regarding eating, health, exercise, sleep, and work habits as honestly and as best as they could. They were also informed that the completed questionnaires would be confidential and would not become part of their fire department or medical record. The answers to four selected multiple-choice questions about involvement in sports and exercise were analyzed here: (1) "Most weeks, I exercise .... (include home/work/gym & elsewhere)"; (2) "Most times that I do cardio or aerobic exercise (e.g., jogging, brisk walking, bike, treadmill, etc.), I do an average of ... each session"; (3) "Most times that I lift weights or do strength training, I do ... on average each session"; (4) "Most times that I exercise, I sweat ... on average each session". Additionally, as described previously an additional variable was calculated to evaluate the combined effects of PA frequency and PA aerobic or cardiosession duration as total weekly aerobic exercise. Each of the six original alternatives in the frequency and aerobic session duration dimension questions received a numerical value equivalent to the middle point of the range of each response choice. Thus, a value of 2.5 times per week was assigned to the frequency response of 2-3 times per week, 3.5 for 3-4 times per week, and so on. The same methodology was applied to the duration responses: 22.5 minutes was assigned for 15 to 30 minutes, 37.5 minutes for durations of 30 to 45 minutes, and so on. Subsequently, the resulting frequency and duration values were multiplied to estimate total weekly exercise in minutes per week.

2.5. Statistical Analysis {#sec2.5}
-------------------------

Baseline characteristics were described using the mean (SD) in the case of quantitative variables and the frequency in case of categorical variables. Group comparisons were calculated using ANOVA. Linear models and logistic regression models were used to adjust for other variables.

The prediction model for CRF was constructed by dividing the whole dataset at random into a "training" (or analyzed) (*n* = 405) subgroup and a "testing" (or validation) (*n* = 399) subgroup. A linear regression model was used to assess the coefficients for the included variables in the training subsets. To assure linear correlations between outcome and covariates, all covariates were also included additionally as squared variables. After backwards elimination of nonsignificant squared variables only the squared term for the total weekly exercise duration remained in the final model.

The final model derived from the training set was then used in the testing dataset to predict CRF and compare it to actual peak CRF values measured in the clinic. Pearson\'s correlation coefficient and scatter plots were used to compare the predicted values from the model with the actual observed values in the testing dataset.

Analyses were performed using SAS 9.2 (SAS Institute Inc., Cary, NC, USA). All tests presented are two-sided, and a *P* value \< 0.05 is considered significant.

3. Results {#sec3}
==========

[Table 1](#tab1){ref-type="table"} describes the baseline fitness and PA characteristics of our cohort ([Table 1](#tab1){ref-type="table"}). Most of the firefighters are under 40 years of age, with 40% between the age of 30 and 39. Nearly half of the study population is overweight (25 ≤ BMI \< 30), and 36% are obese (BMI ≥ 30). The estimated total weekly exercise duration of the cohort is 102.5 minutes (SD 86.9) ([Table 1](#tab1){ref-type="table"}).

Maximal achieved METS---across increasing age and stratified by different BMI categories---are presented in [Figure 1](#fig1){ref-type="fig"}. CRF declined over the different age categories in each of the BMI groups, though the lines for the three BMI groups are clearly separated with the normal BMI group demonstrating the highest CRF and the obese group demonstrating the lowest CRF. A similar relationship between CRF, BMI, estimated duration of weekly exercise, and different age categories is illustrated in [Figure 2](#fig2){ref-type="fig"}. The trajectory of CRF in firefighters who are obese and exercise little starts and finishes much lower in comparison to leaner colleagues who exercise more.

The predicted relationship between CRF over the career span depending on different BMI categories and weekly exercise duration pattern is illustrated in [Figure 3](#fig3){ref-type="fig"}. Even in two hypothetical situations where BMI is the same, firefighters who exercise more have less decrement in fitness levels.

The linear regression model predicting CRF in the training set of our cohort is presented in [Table 2](#tab2){ref-type="table"}. Age, BMI, total weekly aerobic duration (singular and squared), and duration of weight lifting each week produced statistically significant *P* values to estimate maximal achieved fitness. Every unit increase in age leads to a decline in METS of −0.05886 times age after adjusting for all the other factors in the model.

The calculated estimates were evaluated in a testing set, and the Pearson\'s correlation coefficient was computed to be 0.6286. The correlation between the estimated and actual CRF is displayed in a scatter plot ([Figure 4](#fig4){ref-type="fig"}). The mean, maximum, and minimum values of the actual observed METS and of the predicted METS based on the model are shown in [Table 3](#tab3){ref-type="table"}.

4. Discussion {#sec4}
=============

As expected we found an age-related decline of CRF in our cohort of male career firefighters.

However, the starting, intermediate, and final points for CRF across the career span differ markedly according to the firefighters-measured BMI and self-reported physical activity. While obese firefighters had lower CRF values across the age spectrum compared to normal weight subjects ([Figure 1](#fig1){ref-type="fig"}), physical exercise attenuates the decline ([Figure 2](#fig2){ref-type="fig"}). Additionally we have demonstrated that CRF can be predicted with a high correlation coefficient including age, BMI, and variables describing physical fitness habits in the model.

Based on our results, albeit cross-sectional, much of the age-related decline in CRF is potentially preventable by maintaining high levels of physical activity and a healthy BMI. The ability to modify aging related declines in CRF is especially important among firefighters who are so dependent on their maximal oxygen consumption in order to safely perform their duties, and as a profession, it has cardiovascular events as the leading cause of on-duty death.

Unpredictable bouts of strenuous activity in otherwise sedentary individuals are a known precursor or acute coronary events \[[@B16]\], as well as periods of emotional stress \[[@B17]\]. Firefighters are much more likely to experience cardiovascular disease (CVD) events during periods of alarm response of fire suppression/active firefighting than during other duties at the firehouse \[[@B18]\].

In the general population the longitudinal decline in peak maximal oxygen consumption is not linear across the age span but accelerates markedly especially in men \[[@B2]\]. This nonlinear decline accelerates especially after 45 years of age \[[@B19]\]. In our cohort, especially in firefighters among higher age groups, the cross-sectional age-related decline in CRF seems to be more prominent.

4.1. Strength of the Present Study {#sec4.1}
----------------------------------

A particular strength of the present study was the large sample size which allowed for adequate power and adjustment for confounders. BMI was calculated from measured weight and height in bare feet and light clothes during medical examinations, which avoided self-reporting biases towards lower weights and taller heights and other misclassification.

4.2. Limitations of the Present Study {#sec4.2}
-------------------------------------

Our study does have some modest limitations, including the cross-sectional design, which does not allow us to establish causation. Because of the very small number of female career firefighters, we limited our investigation to male firefighters. We have evaluated physical activity through a questionnaire, which can lead to overestimation of underlying activity levels. However, in our investigation this results in even more conservative findings, that is, would tend to overestimate PA among those with low fitness and lower the effects of PA on CRF. A minor limitation regards the use of a maximal treadmill test without expired gases using peak METS as the outcome estimates true VO~2~max, while a measured VO~2~max, using expired gases, would have been considered the "gold standard". Furthermore, the prediction model derived from our cohort study will have to be tested in other cohorts.

5. Conclusion {#sec5}
=============

CRF in career male firefighters is significantly reduced with increasing age. The age-related decrements in CRF, however, are highly dependent on firefighters\' BMI and physical exercise habits. Firefighters who are fitter and leaner have higher baseline CRF and attenuated CRF decrements. Our investigation supports the importance of measuring CRF, physical activity and parameters of body composition and cardiovascular health at the entry---and at regular time points---throughout a firefighter\'s career. This would most probably be a valuable tool in preventing the above described excessive decline in CRF with increasing age of the individual firefighter. Furthermore, especially in a profession where preservation of high fitness levels is imperative for firefighters---as well as public safety---fire departments should emphasize the maintenance of frequent physical activity as well as maintaining a healthy weight.
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###### 

Baseline characteristics (*n* = 804).

  Age mean (SD)                                            37.4 (8.4)
  -------------------------------------------------------- --------------
  Cardio exercise per session *n*(%)                       
   None                                                    44 (5.5)
   \<15 minutes                                            74 (9.3)
   15--30 minutes                                          340 (42.8)
   30--45 minutes                                          228 (28.7)
   45--60 minutes                                          67 (8.4)
   \>60 minutes                                            41 (5.2)
  Minutes of weight training per session *n*(%)            
   None                                                    88 (11.0)
   \<15 minutes                                            106 (13.3)
   15--30 minutes                                          228 (28.6)
   30--45 minutes                                          178 (22.3)
   45--60 minutes                                          106 (13.3)
   \>60 minutes                                            91 (11.4)
  Intensity of training *n*(%)                             
   Do not exercise often                                   28 (3.5)
   Light sweat                                             146 (18.4)
   Moderate sweat                                          445 (56.0)
   Heavy sweat                                             176 (22.1)
  Weekly exercise frequency *n*(%)                         
   Never                                                   34 (4.3)
   1 or less                                               96 (12.1)
   2-3                                                     244 (30.6)
   3-4                                                     246 (30.9)
   5-6                                                     132 (16.6)
   Every day                                               44 (5.5)
  Estimated total weekly duration mean (SD) (in minutes)   
   Tertile one                                             30.7 (23.2)
   Tertile two                                             94.6 (18.7)
   Tertile three                                           195.2 (81.3)
  Estimated total weekly exercise duration mean (SD)       102.5 (86.9)

BMI (body mass index), CRF (cardiorespiratory fitness), SD (standard deviation).

###### 

Linear regression model describing Cardiorespiratory fitness (maximal achieved METS) (in randomly assigned training set *n* = 405).

  Variable                        Parameter estimate   Standard error   *P* value
  ------------------------------- -------------------- ---------------- -----------
  Age                             −0.05886             0.01031          \<0.0001
  BMI                             −0.21131             0.01994          \<0.0001
  Total weekly duration           0.00845              0.00232          0.0003
  Total weekly duration squared   −0.00001297          0.000000569      0.0233
  Duration of weight lifting      0.18937              0.06393          0.0032
  Intensity of exercise           0.21331              0.12362          0.0878

###### 

Estimated Cardiorespiratory fitness (maximal achieved METS) and actual maximal METS in testing set (*n* = 399).

                        *n*   mean (SD)            Minimum   Maximum
  --------------------- ----- -------------------- --------- ----------
  Max. METS             386   10.56363 (1.87003)   3.90317   19.01499
  Estimated max. METS   384   10.59689 (1.37406)   6.39852   13.84193
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